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Preparation of Whole Blood for Liquid Scintillation Counting

Paul A. Moore
Liquid scintillation counting of 3H-labeled whole-blood samples is severely impaired owing to quenching by blood pigments. In this study, dry oxidation and chemical solubilization followed by decolorization were the two general methods used to eliminate color quenching. Three blood volumes were examined: 0.25, 0.50, and 1.0 mL. Dry oxidation yielded complete recoveries of 3H label with counting efficiencies >30% for up to 1.0 mL of blood. Although blood volumes larger than 0.25 mL can be used with chemical solubilization and decolorization, treatment of 0.25 mL of blood gave the highest counting efficiencies, with count rates comparable to those for 1.0-mL samples.
Absorption
and the metabolic fate of drugs labeled with tnitium (3H) are often evaluated by subjecting a blood sample to liquid scintillation counting (LSC). However, counting low-energy 3H particles in whole blood is difficult, primarily because of severe color quenching.
Two methods are generally used to prepare blood samples for LSC: (a) dry oxidation and 
Materials and Methods
Preparation
of tritiated blood. Human blood containing citrate as an anticoagulant, from a blood bank, was stored at 5 #{176}C. Nonradioactive inulin (from dahlia tubers, Sigma) was used as a carrier for [3H]inulin (dahlia tubers, Amersham) and the mixture will be referred to as [3Hjinulin from here on.
[3H]inulmn, 48.6 mg, was thoroughly mixed with 100 mL of blood to give an approximate activity of 0.1 mCi/L. Inulin is a fructo-polysaccharide commonly used for determination of renal glomerular filtration rate and of extracellular fluid volume (4).
LSC conditions. All samples were counted in quintuplicate at 15 #{176}C, each for 2 mm, in a Packard Tri-Carb 460CD with the 3H channel set at 0 to 20 keV. The Luminescence Monitor of the Model 4BOCD (5) was used to detect and correct for possible chemiluminescence generated by solubilization and (or) decolorization of blood.
Sample preparation of blood by dry oxidation.
A 306 Sample Oxidizer (equipment and supplies from Packard) was used to combust blood samples. The samples were prepared by placing an aliquot of blood-0.25, 0.5, or 1.0 mL-onto an absorbent Combusto-Pad, which was inside a CombustoCone. After placing the Combusto-Cone into the ignition basket, 0.5 mL of Combustaid was delivered onto the Cornbusto-Pad.
Thereafter, the sample was immediately burned for 1.5 mm for 0.25 mL, 2.0 mm for 0.5 mL, and 2.5 mm for 1.0 mL of blood. After automatic dispensing of either Monophase-25 or Monophase-40 (18-mL setting), the 22-mL glass scintillation vials were capped (plastic liners), and shaken vigorously before counting. All of the examined chemical treatments are described in Table 1 , and are broken down into three or four steps: A, B, C, and D. In step A, 0.25 mL, 0.5 mL, or 1.0 mL of blood was added to an aliquot of solubilizer diluted in either isopropanol or ethanol. The mixture was incubated for 1 h at 40 #{176}C after swirling the capped vial. The commercial solubilizers were: "NCS" (Amersham), "Protosol" (New England Nuclear, NEN), and "Soluene-350" (Packard). After solubilization, 0.5 mL of a 300 g/L solution of hydrogen peroxide was added in step B, and the loosely capped vial was gently swirled before allowing it to stand for 15 mm at room temperature, followed by incubation for 30 mm at 40#{176}C. After decolorization, the samples were cooled to ambient temperature and either a 10-or 15-mL aliquot of LSC cocktail was added. The vials were capped and vigorously shaken. The LSC cocktails used in step C were: "Aquasol II" (NEN)/0.5 mol/L HC1 (9/1 by vol), "Aqueous Combining System" (Ainersham), "Biofluor" (NEN), "Handifluor" (Mallinckrodt), and "Insta-Gel" (Packard)/0.5 mollL HC1 (9/1 by vol).
Step D was an additional neutralization step for some procedures whenever dilute (0.5 molfL) hydrochloric acid was not premixed with the cocktail.
Another chemical treatment recently reported by Michaels et al. (1) , involving a proteolytic enzyme, trypsin, was also examined.
Their solubilization step involved incubating 0.25 mL of blood for 1 hat 37 #{176}C in 0.75 mL of a mixture containing, per liter, 10 g of Triton X-100 (an emulsifier, Rohm and Haas), 20 g of ammonium bicarbonate (NH4HCO3, Fisher reagent grade), and lOg of trypsin (Bacto 1:250, Difco Laboratories).
Thereafter, 1 mL of toluene (scintillation grade, Mallinckrodt) was added and followed by dropwise addition of 0.5 mL of the hydrogen peroxide reagent. The mixture was allowed to stand at ambient temperature for 15 mm before incubating for 30 mm at 37 #{176}C. Once cooled to ambient temperature, 10 mL of Handifluor was added to the vial, which was subsequently capped and shaken. Treatment of LSC data. As previously mentioned, the various sample-preparation procedures for blood were evaluated based on counting efficiency and recovery of 3H label. Counting efficiency was determined by dividing the count rate (cpm) of the sample by its activity (dprn). A counting efficiency correlation curve was generated by external standardization.
The recovery of 3H was found by dividing the average activity (dpm/volume of blood) of the noncombusted sample by the average activity of the combusted sample. Recovery by combustion was taken as 100%.
Results and Discussion
As expected, dry oxidation provides the most convenient means of blood preparation with the highest counting efficiency. Counting efficiency averaged 32.0% for 1.0 mL of blood with Monophase-40.
Memory and 3H spillover into the '4C section were found to be approximately equivalent to background. Not only does dry oxidation yield complete analytical recoveries, it eliminates chemiluminescence, as indicated by the 460CD Luminescence Monitor. Because dry oxidation eliminates color quenching, the counting efficiencies, and thus activity, can be determined without laborious internal standardization, which is necessary when color quenching is severe.
Although 0.5 and 1.0 mL of blood were used, only preparation of 0.25 mL of blood by two chemical procedures produced reproducible, clear, colorless, homogeneous LSC samples. These two chemical procedures as described in Table 1 were: (land II) Soluene-350/isopropanol (1/2) with acidified Insta-Gel (2) and (IV) Protosol/ethanol (1/2) with acidified Aquasol 11 (6) . Elimination of the severe color quenching by these procedures used on 0.25 mL of blood not only provides higher counting efficiencies, but eliminates the need for determining counting efficiencies by time-consuming internal standardization.
In addition, the relatively high counting efficiency (nearly 30%) with 0.25 mL of blood allows for count rates that are comparable to or better than achieved for 0.5 or 1.0 mL of blood. Based on these findings, preparation of 0.25 mL of blood is recommended for achieving reproducible, clear, colorless, homogeneous LSC samples with relatively high counting efficiencies and count rates. If larger blood volumes are necessary, the dry oxidation is the method of choice.
As shown in Table 2 counted for the precipitation when Biofluor was used. Precipitation can cause severe quenching in 3H labeled samples in the form of sample self-absorption, where the low-energy beta electrons are not in intimate proximity to primary solvent molecules of the LSC cocktail. The suggested 10-mL volume of Aquasol 11(6) used at the same incubation temperature (40 #{176}C) did not result in precipitation with 0.25 mL of blood. The procedure using NCS tissue solubilizer/isopropanol (1/2) with Aqueous Combining System cocktail resulted in phase separation giving a recovery of about 68% as shown in Table 2 .
As also apparent from Table 2 , the enzymatic solubilizer procedure
(1) resulted in a counting efficiency of 2 1.1%, comparable
